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•  The  purpose  of  this  project  was  to  redesign  a  bakea^le  sp.-"?;! 
apparatus  and  examine  its  capabilities  as  an  ion  implantation  r/sterr 

Assembly  aM^modification  of  the  machine,  as  well  as  the  z-.ziiz 
of  several  of  the  electronic  components,  consumed  most  of  the  tTre 
available  for  this  project. 

The  system  is  now  operational,  and  several  recommendations  ::r 
further  work  (which  I  could  not  complete  due  to  time  limitation-  a: 
contained  in  Chapter  VI. 

I  wish  to  express  my  appreciation  to  the  many  people  wither,  v.h 
the  successful  fabrication  of  this  machine  would  not  have  been  y.% si 
Special  recognition  should  be  given  to  the  following  individuals: 

Mr.  Eugene  H.  Miller  of  the  Air  Force  Materials  Laboratory  (MATS'  ?;h 
resourcefulness  was  invaluable,  Mr.  Donald  A.  Smith  who  spent  cc-r.tl 
hours  of  his  off-duty  time  working  on  this  project,  Mr.  Gordon  V.izr.z 
who  helped  design  and  fabricate  many  of  the  special  jigs  and  elec¬ 
trical  and  mechanical  accessories,  Mr.  Millard  Wolfe  and  the  pers:r.r. 
of  the  AFIT  school  shops  for  their  patience  and  help  in  fabricating 
many  special  components  of  the  apparatus,  Mr.  Bryan  Kill  of  the  Air 
Force  Avionics  Laboratory  (AVTA)  who  was  my  Laboratory  Sponsor,  "r . 
Wayne  Chase  of  Systems  Research  Laboratories  who  taught  me  a  great  : 
about  high-vacuum  systems,  and  Dr.  Robert  Hengehold  of  the  AFIT  ?hys 
Department  (AFIT-SE)  for  his  timely  suggestions.  My  appreciation  is 
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(  also  extended  to  Prof.  J.  Lubelfeld,  my  Faculty  Advisor,  for  his  faith 

4  and  guidance  in  this  - ' ■  **■:+.  I  wish  to  acknowledge  my  wife's  patience 

and  understanding  throughout  this  difficult  period, 

,  -  --  "  Stephen  P.  Plusch 
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Abstract 

A  machine  originally  designed  as  a  bakeable,  monoenergetlc  sput¬ 
tering  apparatus  was  redesigned  for  use  as  an  ion  implantation  system. 
Engineering  modifications  produced  a  virtually  oil -free  high-vacuum 
system.  The  base  pressure  of  the  system  (unbaked)  in  its  present  con- 
figuration  is  1  *  10  Torr.  A  0.8-pA,  6.5-fceV  nitrogen  iun  beam  *,vas 
obtained.  The  machine,  after  modifications,  was  studied  to  determine 

its  feasibility  aa> an  ion  implantation  system.  If  beam  voltages 

% 

greater  than  10  kV  are  used,  the  machine  will  be  suitable  to  perform 
nail-area  iapl  ants  (areas  *  0.5  cm  1  with  dopants  available  in 
gaseous  form  (non-corrosive)  ranging  in  energy  from  10  to  30  keV. 
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A  DESIGN  At':.  EVALUATION 
OF  AN  ION  IMPLANTATION  SYSTEM 

I  Introduction 

Background  I nformat*  on 

The  successful  fabrication  of  p-n  junctions  in  semiconductor  mate¬ 
rials  depends  upon  the  precise  control  of  minute  quantities  of  dopant 

elements.  The  electrical  properties  of  these  p-n  junctions  are  deter- 

% 

mined  by  the  concentration  and  distribution  in  depth  of  the  dopants 

(donors  and  acceptors).  These  dopants  are  normally  introduced  into  the 

semiconductor  material  by  one  of  the  following  conventional  methods: 

(1)  growing  the  semiconductor  crystal  from  a  mixture  containing  a 

specified  amount  of  the  desired  impurity,  (2)  diffusing  the  desired 

impurity  into  the  semiconductor  crystal  lattice  thermally,  (3)  alloying 

the  desired  dopant  with  the  semiconductor  substrate,  or  (4)  introducing 

the  dopant  into  the  semiconductor  during  epitaxial  growth  of  the  parent 

* 

material  upon  the  existing  crystal  lattice. 

Recently,  "ion  implantation,"  a  unique  method  of  introducing 
dopants  into  Semiconductor  materials,  has  been  shown  to  have  great 
potential.  When  a  semiconductor  crystal  lattice  is  bombarded  by  a  beam 
of  high-energy  ions,  the  host  material  will  lose  some  of  its  atoms  by 
sputtering,  but  the  lattice  will  retain  a  significant  fraction  of  the 
incident  ions.  The  ions  remaining  in  the  semiconductor  crystal  are 
said  to  have  been  implanted. 
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In  the  implantation  process,  ions  generated  in  a  source  are 

accelerated  through  a  potential  of  typically  25  to  300  kV,  mass  analyzed 

* 

for  beam  purity,  focused,  swept  for  uniformity,  and  allowed  to  impinge 
on  the  surface  of  a  semiconductor  substrate.  The  depth  to  which  the 
ions  are  implanted  (typically  between  100  and  10,000  ft)  depends  pri¬ 
marily  upon  the  incident  energy  (non-channeling  direction)  of  the  ions. 
The  total  number  of  implanted  ions  ic  a  function  of  the  ion  beam  cur¬ 
rent  and  the  exposure  time. 

Among  the  more  important  advantages  of  ion  implantation  are  the 

following:  (l)  ddpants  which  have  not  been  used  in  the  past  because 

% 

of  problems  with  limited  solubility  or  dissociation  can  be  introduced 
easily  into  the  crystal  lattice,  (2)  impurity  distributions  which  differ 
significantly  from  those  possible  by  conventional  techniques  may  be 
selectively  produced,  (3)  materials  may  be  doped  which  are  difficult 
or  impossible  to  dope  by  usual  methods,  and  (4)  very  shallow  uniform 
layers  and,  therefore,  very  high  resistivities  may  be  obtained.  The 
ion  implantation  technique  is  not  without  its  disadvantages.  Crystal 
damage  effects  and  post-implant  electrical  activity  are  important 
problems  which  are  under  intensive  research  at  the  present  time. 

The  equipment  required  for  an  ion  implantation  system  is  as 
follows:  (l)  an  ion  source  capable  of  producing  the  desired  ions, 

(2)  an  electrostatic  acceleration  and  focusing  system  capable  of  pro¬ 
ducing  a  well-focused  beam  of  the  desired  energy,  (3)  a  mass  analyzer 
to  produce  a  highly  pure  beam  of  a  single  species  of  the  desired 
ionization  state,  (4)  a  target  chamber,  (5)  a  clean  high-vacuum  pumping 
system,  and  (6)  suitable  instrumentation. 
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A  simplified  arrangement  of  an  ion  implantation  system  is  shown 


A  system  with  these  basic  components  (originally  dvSigned  in  1963 
by  Radiation  Dynamics,  Inc.  as  a  bakeable  sputtering  apparatus  and 
modified  by  Systems  Research  Laboratories,  In:.)  was  available  in  com¬ 
pletely  disassembled  form  in  the  AFIT-AFML  Cooperative  Laboratory  in 
Bldg.  125  at  Wright-Patterson  Air  Force  Base,  Ohio. 

The  thesis  problem  was  to  reassemble  the  machine,  locate  and 
repair  any  vacuum  leaks,  test  and  repair  associated  electronic  equip¬ 
ment,  obtain  an  ion  beam  of  e  convenient  species,  and  determine  the 
fecsibility  of  the  machine  as  a  high-vacuum  ion-implantation  system. 
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Approach  to  the  Problem 

Initially,  it  was  realized  that  a  large  number  of  diverse  problems 
would  have  to  be  solved  in  order  to  obtain  useful  results.  Equipment, 
jigr;,  and  accessories  would  have  to  be  fabricated  to  meet  the  power, 
vacuum,  cooling,  and  electronic  requirements  of  the  machine  . 

Th^  machine  was  modified  and- assemblt d,  vacuum  leaks  were  found 
and  repaired,  electrical  and  electronic  components  were  tested  and 
repaired,  and  an  ion  beam  was  obtained.  The  characteristics  of  this 
beam  are  given  in  Chapter  V.  In  addition,  laboratory  facilities  were 
modified  to  meet  the  water  and  power  needs  of  the  machine. 

t 

Thesis  Organization 

Two  primary  tasks  were  involved  in  the  solution  of  this  problem: 

Cl)  modification  and  construction  of  the  machine,  which  included 
obtaining  high-vacuum  conditions  and  insuring  proper  operation  of 
associated  electronic  equipment,  and  (2)  determination  of  the  operating 
characteristics  and  potential  of  the  machine. 

A  description  of  the  final  configuration  of  the  apparatus  is  pre¬ 
sented  in  Chapter  II.  The  assembly  and  modification  process  is  described 
in  Chapter  III.  Operating  characteristics  and  procedures  are  given  in 
Chapter  IV.  The  results  and  conclusions  of  this  endeavor  are  included 
in  Chapter  V.  Since  numerous  further  Investigations  and  modification.;, 
that  could  not  be  made  by  the  author  due  to  the  obvious  constraints,  ar; 
possible,  a  number  of  recommendations  for  further  study  and  possible 
modifications  are  presented  in  Chapter  VI. 
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Projected  Capabilities 

The  capabilities  of  this  machine  are  best  illustrated  by  comparing 

f 

it  to  systems  of  similar  construction.  Several  such  systems  are 
described  in  the  literature  (Refs  1«1539,  2»16,  and  3»7-10).  Each  of 
these  systems  has  a  gaseous  ion  source,  ion  accelerating  and  focusing 
assembly,  mass  analyzer,  beam  deflection  assembly,  and  a  target  chamber. 

These  systems  are  capable  of  producing  singly  ionized  ions  of 
•.’itroqen  (N+),  arsenic  (As+),  phosphorus  (P+),  and  boron  (R+)  (other 
ions  may  he  generated  also)  with  energies  from  0  to  approximately 
ICO  !::>V.  These  sfstems  are  capable  of  uniform  implants  over  relatively 
large  areas  (approximately  one  square  inch).  These  systems  are  quite 
versatile  and  useful  in  many  ion  implantation  applications. 

The  ion  beam  machine,  when  compared  to  these  three  systems,  is 
limited  in  tv/o  respects*  (l)  no  provision  exists  for  sweeping  the  tar¬ 
get  to  obtain  uniform  Implants,  and  (2)  the  maximum  energy  obtainable, 
at  present,  is  approximately  30  keV.  A  beam  deflection  assembly,  out¬ 
lined  in  Chapiter  VI,  may  be  added  to  the  system.  The  maximum  energy 

available  may  be  increased  to  approximately  60  keV,  as  described  in 

* 

Chapter  VI.  ‘ 

The  ion  beam  machine  is  presently  capable  of  performing  implants 
ov  .•  1  arc- 03  (approximately  one  square  centimeter)  where  energies 

hjK:-;  3C  KeV  are  required. 

Aiooc  of  research  in  which  this  ion  implantation  system  would  be 
useful  include:  (])  characterization  of  implanted  layers  in  single- 
cr silicon  (10  to  50  keV)  (Refs  5:37-43  and  10:49-66),  (2)  forma - 
t  ->  t  T  sir: -on-nitride  (dielectric)  films  (10  keV)  (Ref  5:71-75),  and 
: -o  inaction  formation  in  materials  other  than  silicon  [silicon 
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carbide  (SIC),  gallium  arsenide  (GaAs),  etc.]  (10  to  50  keV) 

(Ref  10:87,88).  This  machir>e  would  also  be  useful  for  fabrication  of: 

(1)  high-value  ion-implanted  resistors  (30  to  55  keV)  (Ref  9), 

(2)  diodes  (10  to  80  keV)  (Ref  10:68? 70),  (3)  avalanche  diodes  (60  keV) 
(Ref  10:73),  (4)  particle  detectors  for  nuclear  instrumentation 

(2  to  80  keV)  (Ref  10:73,74),  and  (5)  MOSFET' s  (20  :.o  50  keV) 

(Ref  10:87,88).  It  should  be  noted  that  many  useful  i..iplarts  may  be 
made  with  energies  less  than  50  keV. 
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II.  Ion  Implantation  Apparatus 

9 

This  chapter  gives  a  detailed  description  of  the  ion  beam  machine 
in  its  present  state.  Subsequent  sections  describe  the  functional  parts 
of  the  equipment,  beginning  with  the  ion  source  and  terminating  at  the 
target. 

General  Inscription 

'ib,:  s  mc.'  hine  is  capable  of  producing  mass  analyzed  beams  of  posi- 

a* 

tive,  singly  ionized  ions  ranging  in  mass  from  hydrogen  to  krypton  and^ 
in  energy  from  10  to  30  keV.  Beams  approximately  0.5  cm  in  diameter 
with  current  densities  to  500  pA/cm  are  possible.  Some  of  these 
specifications  are  the  same  as  those  of  the  original  machine  (Ref  6*7). 
(Many  of  the  specifications  of  the  original  machine  are  no  longer  valid 
due  to  redesign.) 

The  ion  beam  machine  is  evacuated  to  a  nominal  pressure  of 
?  x  ]0  Torr  by  a  500- l/s  ion  pump  located  at  the  base  of  the  target 
chamber.  A  separate  8-l/s  ion  pump  is  located  on  the  source  chamber 
and  tvactai'-s  it  to  a  pressure  of  approximately  1  *  10  7  Torr  before  the 
sour-p  *s  rli-ed  in  operation.  Pumping  the  source  to  a  low  pressure 
r-.-.v. .  .  .  .  i  .-"rants  from,  the  source  chamber  and  thus  reduces  the  proba¬ 
bility  generating  unwanted  ion  species. 

In  the  jr-s^nt  configuration  the  ion  beam  is  accelerated  to  its 
fire!  o-  i  :v  in  a  single  stage  as  it  emerges  from  the  icn  source. 

TK-  r  analyzing  magnet  has  cadmium  pole  pieces  7  in.  in  diameter 
am*  :s  c  a:  ,«l  ] >  of  producing  a  uniform  field  of  approximately  10,000  S 
in  !•  1  -i n.-w’.dc  mass  analyzing  section  between  the  pole  pieces. 


7 


GE/E6/70-20 

In  the  present  configuration,  there  ere  no  slits  or  apertures 
which  would  insure  mass  separation  of  the  beam. 

9 

A  partial  sectional  view  of  the  ion  beam  machine  is  shown  in 
Fig.  2,  and  a  drawing  of  the  system  is  shown  in  Fig.  3.  Photographs  of 
the  system  with  associated  control  unit,  power  supplies,  and  instrumen¬ 
tation  are  shown  in  Figs  4  and  5.  Figure  6  is  a  close-up  of  the  system 
from  the  source  to  the  target  chamber.  A  close-up  of  the  source  end  is 
shown  in  Fig.  7. 

Since  the  ,pw*r  s*»ppHes  and  o ther  elrctr^rin$  *rr.  supporting 
equipment,  they  are  described  separately  in  Appendix  A. 

% 

Ion  Source 

The  ion  source  is  a  low- voltage-arc  source  of  the  duoplasmatron 
type  (Ref  12<540).  The  source  is  shown  schematically  in  Fig.  8. 

A  tungsten  dispenser  cathode  (see  Appendix  B)  supplies  electrons 
which  are  attracted  to  the  intermediate  electrode  (i-“lectrode)  and 
anode  by  a  potential  of  approximately  60  V.  As  the  electrons  proceed 
from  cathode  to  anode,  they  ionize  the  intermediate  gas  (nitrogen  in 
this  configuration)  and  form  a  plasma.  The  intermediate  electrode  and 
the  anode  form  the  pole  pieces  of  the  erc-focusing  magnet.  The  action 
of  the  intense  inhonogeneous  magnetic  field  produced  by  this  magnet  8nd 
the  electrostatic  action  of  the  intermediate  electrode  (maintained  at  a 
potential  slightly  more  positive  than  the  filament)  cause  the  plasma  to 
be  compressed  and  increase  the  efficiency  of  the  source.  The  ion  beam 
is  extracted  from  th®  plasma  through  *  0.356-am  (0.014-in.)  aperture  in 
the  center  of  the  anode  by  thf  electrostatic  action  of  the  extractor 
electrode.  A  low-voltage-arc  source  of  this  nature  operates  with  a  gas 


8 


GS/feE/70-20 


ION  SOURCE 


Figure  3.  Drewlnq  of  the  Ion  Beam  Yachine 


ION  SOURCE 
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prassura  ir.  the  range  1  to  2.5  *  10  *  Torr.  This  source  is  capable  of 
producing  hnaitir  of  positive  ions  from  a  wide  variety  of  elemental  arid 


coi.'!*\  t -»i 


is  extracted  from  the-  aperture  in  the  ar.cde  of  the 


$o'!»r  by  ?<  •  e  1  :• f i o ■  t?ti c  action  of  the  extra- tor  electron*  (i  }  of 
the  •  ■  1  c  .■  v s’  '■>  r  I  Oiis  system . 


JSh*n  the  ion  beam  erne  roes  from  the 
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source,  the  high-energy  ions  are  rapidly  diverging.  In  order  for  the 
beam  to  be  propagated  through  the  rest  of  the  system,  it  must  be 
focused.  A  schematic  drawing  of  a  portion  of  the  ion  source  and  the 
lens  system  is  shown  in  Fig.  9.  The  ion  source  is  attached  on  the 
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Figure  9 

Schematic  Drawing  of  Beam-Focusing  Assembly 


left,  and  the  inlet  flange  of  the  mass  analyzer  is  attached  on  the  right. 
The  lens  consists  of  cylindrical  stainless-steel  electrodes  whose 
'•icsi i'j  J?3n-‘;r  is  !  ir.,  Ih-  electrodes  are  s-rsrstrd  by  gsrs 

of  C.1%  i«-*.  "lectro static  lenses  are  formed  at  the  gaps  between  the 
electrodes.  In  this  configuration  the  anode  is  held  at  +1C  to  kV, 

and  the  extractor  (I j)  and  the  third  electrode  (L^)  are  grounded.  The 
voltage  applied  to  the  center  electrode  (L^)  is  variable,  and  it  con¬ 
trols  tie  focal  length  of  the  lens  system.  This  particular  lens  arrange¬ 
ment  is  called  ar.  einrcl  or  unipotential  lens.  The  Ions  voltage  applied 
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at  Lg  Is  adjusted  such  that  the  focal  point  of  the  lens  is  at  the 
correct  position  at  the  entrance  to  the  mas'  anal  yzer. 

Deceleration  Assembly 

Since  the  desired  beam  energy  foi  ion  implantation  in  most  cases 
is  10  keV  or  greater,  the  decoloration  assembly  in  the  present  configu¬ 
ration  is  used  only  as  a  drift  space.  Possible  future  uses  for  this 
assembly  are  discussed  in  Chapter  V*. 

Target  Chamber 

The  target  chamber  is  a  j-:u-ft  rainless- steel  chamber  with  three 
quartz  viewing  ports,  vertical  and  horizontal  rotary  motion  feedthroughs, 
and  four  standard  2  3/4-5n.  ultra-high-vacuun  flanges  to  which  elec¬ 
trical  feedthroughs,  ionization,  gauge*..,  ar.d  various  other  fittings  may 
be  attached.  In  the  present  configuration,  one  quartz  viewing  port  is 
in  line  with  the  beam  at  the  rear  of  the  chamber,  two  quartz  windows  are 
perpendicular  to  the  beam  at  the  entrance  of  the  target  chamber,  and  two 
ionization  gauges  end  two  electri  al  feedthroughs  are  mounted  on  the 
standard  flanges. 

A  Faraday  cup  is  attached  to  ti  vertical  rotary-motion  feed¬ 
through  by  a  universal  mounting  bracket  which  permits  the  cup  to  be 
positioned  at  ary  location  and  at  any  d* si  red  angle  in  a  horizontal 
plane  within  the  target  chamber.  T*  •*  present  Faraday  cup  is  for  meas¬ 
uring  total  beam  currents,  and  it  co- ,'sts  of  a  closed  stainless-steel 
cylinder  with  two  insulated  gr:.is  as  shown  in  Fig.  10.  The  grids  con¬ 
sist  of  stainless-steel  wire  screens  insulated  fro©  the  cup  and  from 
*»ch  other  by  glass  insulators.  Th.  grid*,  may  he  biased  highly  negative 
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to  prevent  the  escape  of  secondary  electrons  generated  by  the  high- 
energy  ion  beam  impinging  on  the  cup. 


A  quart  •  viewing  plate  is  attached  to  the  horizontal  rotary  motion 

feedthrough  by  a  lever  arm  which  permits  the  viewing  plate  to  be  raised 

to  a  jo'it.  directly  in  front  of  the  last  decelerator  electrode  at 

the  cut  to-  *  th>  t  trg»t  chamber.  This  viewing  plate  provides  a 

sinipl-  r  for  the  presence  of  an  ion  beam.  At  low  current  den- 

sU‘  :  !:-r  ,  -'i  t5.*-  quart-  olovfs  blue?  at  higher  beam  currents  it 

hi*.*;  ?*r  •  Ti.it  quart*  indicator  has  several  advantages 

b*:-c«v>  t‘r  ;t?J  (J)  has  a  very  high  melting  pcint,  (2)  can  detect 

2  2 

cun- ;  !  hr  "*’  s  from  10  pA/cm  to  50  mA/cm  ,  and  (3)  can  provide 
quail?  * » 1  v*'  !*  '  ,d:on  about  the  shape  of  the  beam  because  its  glow  or 

J  rr;  3  ;  -  r-r  ■  ■  V.  -  )  ’  J«?f  i  nC‘J  I 
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III.  Assembly  and  Modification 

The  first  task  prior  to  assembling  the  machine  was  to  examine  the 
previous  configuration  to  determine  whether  it  was  compatible  with  the 
new  facility  in  Bid';.  125.  It  was  necessary  to  modify  both  the  labora- 
tory  facilities  an!  Imp  machine  as  the  system  was  assembled.  The 
modifications  and  the  rccomhly  procedure  are  outlined  below. 

Prelim! nary  PJ.fi 

In  the  previous  *  :nf  initiation  of  the  ion  beam  machine,  the  high 

% 

vacuum  was  maintained  by  a  C-in.  oil  diffusion  pump  having  a  mechanical 
forepump,  a  cold-wator  chevron  baffle,  and  a  liquid-nitrogen  cold  trap. 
Water  and  power  requirements  for  this  configuration  are  shown  in  Table  I. 

A  single  208-V,  1-/,  20-A  electrical  circuit  was  available  in  the 
laboratory.  Arrangements  were  made  to  have  the  following  additional 
electrical  circuits  installed:  (l)  one  110/220  V,  1  /,  30  A,  and  (2) 
two  208  V,  3  /,  6.2  kVA//.  An  enclosure  for  a  208-V,  3-/,  A-Y  trans¬ 
former  with  multiple  outlets  was  fabricated  to  provide  208-V,  3-/, 
Y-connected  power. 

A  recirculating  water  system  was  available  in  the  laboratory,  but 
its  capacity  was  insufficient  to  satisfy  the  cooling  requirements  of 
both  the  ion  beam  machine  and  the  existing  laboratory  equipment.  After 
a  special  study,  the  necessary  alterations  to  increase  the  capacity  of 
the  recirculating  v.'at-r  system  were  determined. 

taring  this  planning  stage,  I  studied  various  ion  implantation 
systems  at  Hughes  B-.-coarch  Laboratories,  Malibu,  California;  Stanford 
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Electronics  Laboratory,  Stanford  University,  Stanford,  California}  and 
the  production  facility  at  Hughes,  Newport  Beach,  California.  The 


Table  I 

Electrical  and  Nater  Requirements  for  Ion  Beam  Machine 

Electrical 

Component 

Requirement 

Analyzing  Magnet 

208  V,  3  it  Y-connected,  5  kVA/j^ 

Console 

208  V,  3  A-connected,  5  kVA // 

Diffusion#Pump 

115  V,  1  ^  17  A 

Mechanical  Pump 

220  V,  1  it  8  A 

Mi scellaneous 

115  V,  1  45  A 

Water 

Analyzing  Magnet 

5  to  7  gpm,  80°F  max,  75  psig  max 

Diffusion  Pump 

0.5  gpm,  60. to  70°F  max 

information  gained  while  studying  these  systems  was  very  valuable  in 
providing  an  overall  view  of  the  problem. 

In  this  initial  phasa  it  became  apparent  that  serious  difficulties 
could  arise  if  oil -diffusion  pu:cps,  even  well  trapped,  were  used  to 
evacuate  the  system.  A  surface  film  of  vacuum  pump  oil  would  almost 
certainly  for*  on  the  interior  of  the  target  chamber  and  on  lens  sur¬ 
faces.  If  the  ion  beam  were  to  hit  surfaces  contaminated  in  this 
manner,  a  charge  would  accumulate  and  persist  due  to  the  dielectric 
properties  of  the  oil.  The  presence  of  such  charge  would  violate  the 
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fundamental  assumption  that  all  electroststic  lens  surfaces  are  equi- 
potential.  The  result  of  the  accumulation  of  charge  would  be  a  drift 
in  beam  intensity  and  position.  As  the  beam  drifted,  it  would  strike 
new  areas  causing  instabilities  dt-i  ri mental  to  the  implantation  process* 
This  oil  problem  could  be  alluvial.' I  i>y  the  installation  of  titanium, 
getter-ion  type  pumps. 

A  500- l/s  getter-ion  purr.;  -  war.  *  vail  able  in  the  laboratory,  but  the 
flange  on  the  Son  pump  was  not  < o ..I  ‘.Me  with  the  flange  or,  the 
auxiliary  chamber.  An  adept-, i  :,p  •  *  was  designed  and  plans  were  sub¬ 
mitted  for  its  fabrication.  A  i  -  *  *  i  i  c  delay  tir.se  of  two  to  three 
months  was  anticipated  for  Feb  rl  ration"  or  this  ion  pu:p  adapter;  there¬ 
fore,  I  decided  that  the  system  should  be  assembled  with  the  diffusion 
pump  until  the  new  adapter  was  available. 

The  machine  was  assembled  in  three  phases:  (l)  mechanical  assembly 
to  insure  completeness  and  proper  placement  of  system  components,  (2) 
disassembly  and  cleaning,  and  (3)  final  assembly,  leek  testing,  and 
electrical  checkout. 

Kechanlcal  Assembly 

For  the  placement  of  syst-'-m  c-.n portents,  refer  to  Fig.  3.  Early 
examination  of  the  major  sy*t>-'r,  ts  revealed  that  the  seals 

between  the  cold-water  chnrc  U?fi»  «<;.d  diffusion  pump,  the  cold- 
water  chevron  baffle  and  15gyld-nr tionen  trap,  the  diffusion-pump 
adapter  and  auxiliary  chamb.r,  and  tbs?  auxiliary  chamber  and  target 
chamber  were  diasond-crosv  r*  -U-'n.  copper  crush  rings.  The  mechanical 
arrangement  of  this  configuration  is.  shown  in  Fig.  H. 

This  type  of  teal  was  r: in  the  previous  configuration 
because  the  system  was  to  b~  t  bn.*  ver,  it  was  difficult  to 
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obtain  a  reliable  seal  without  applying  a  great  deal  of  torque  to  the 
flange  bolt's  (greater  than  100  ft-lbs).  In  the  present  configuration, 


TARGET  CHAMBER 


AUXILIARY  CHAMBER 


DIFFUSION  PUMP 
ADAPTER 


LIQUID  NITROGEN  TRAP 


COLD  WATER  CHEVRON 
BAFFLE 


V 


DIFFUSION  PUMP 


Figure  11 

Wechari-al  ktTtr.n*?.*** 

■a  “oprorerts  ir.  Previous  Cenfiouratior. 


th'  systor  reed  not  be  bakeablej  therefore,  these  seals  were  replaced 
Kit'  ••tu-sinr-relnforced  vlton  gaskets  for  increased  reliability. 

Since  th*  target  chamber  Is  the  basic  uMt  of  the  system,  it  was 
5;  '*  >!!•  i  ’n  th*  aluminum  f  rate-work  first.  To  lend  stability  to  the 
*-ys!v-.  tK'  aj»'  ] 5 ary  chamber  *ras  secured  to  the  bottom  of  the  target 
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chamber  The  decelerator  and  mass  analyzer  sections  were  then  bolted 
to  the  target  chamber.  To  align  the  target  chamber  properly,  it  was 
first  necessary  to  install  the  mass-analyzer  pole -piece  framework  and 
pole  pieces.  Extreme  caution  was  observed  when  working  with  the  frame¬ 
work  and  pole  pieces  since  they  are  extremely  heavy  (total  800  lbs)  and 
unwieldy.  The  slid.ng  mechanism  (Ref  2S8-14)  was  set  urea  to  prevent 
accidental  slippage  during  framework  and  pole-piece  in.  L;  lUtion.  When 
the  magnet  framework  and  pole  pieces  were  in  plate,  the  ta’-cet  rhamtsr 
was  aligned  in  such  a  way  that  the  mass-analyzer  section  fit  properly 
between  the  magne^  polo  pieces.  The  einzel  lens  with  th-  arc. -fouis 
assembly  (anode- intermediate  electrode  section)  attached  v’*c  K-oltod  to' 
the  mass-anelye.er  section.  The  next  step  was  to  attach  the  source 
chamber  to  the  arc-focus  assembly.  The  arc-focus  assembly  consists  of 
two  metal  flanges  separated  by  a  ceramic  insulator.  Originally,  the 
ceramic  section  was  secured  to  the  flanges  by  ceramic-to-metai  brazed 
seals.  In  the  past  these  seals  could  not  he  made  leak  fro*,  as  called 
for  in  the  design.  A  leak-free  seal  hed  been  obtained  finally  (Ref  2* 
14,  13)  through  the  use  of  epoxy  and  a  spring- loadeJ  suspension  system. 
When  the  machine  was  dismantled,  moved  to  its  present  location,  and 
stored,  this  section  was  probably  weakened.  A  new  insulated  susj vnsj on 
system  was  designed  and  fabrics*? !  t  support  the-  source  chaml: %  a:/J 
the  aluminum  fraajwork  above  the  support  table  ./as  trengthened.  7.Tile 
the  source  was  being  remounted  on  the  machine,  the  weakened  seals 
failed.  Before  proceeding  with  the  assembly  of  the  machine,  it  was 
necessary  to  repair  the  arc-focus  assembly.  Repair  of  this  section  is 
covered  in  Appendix  C. 
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Because  of  the  delay  encountered  in  the  repair  of  the  arc-focus 
assembly  and  early  receipt  of  the  ion  pump  adapter,  mechanical  lnstal- 

9 

lation  of  the  ion  pump  was  begun.  The  ion  pump  and  ion-pump  adapter 
(approximately  4o0  lbs)  were  too  heavy  to  hang  unsupported  from  the 
aluminum  framework.  A  stand  vv .»  designed  and  fabricated  to  support 
them  from  he  .if.-;.  Adjustable  legs  were  fitted  to  the  ion  pump  so  that 
it  could  i:o  M  iptv'vi  with  the  base  of  the  auxiliary  chamber.* . 

The  rot -it  -’  m.'Y.ion  f  xdthroughs,  gauges,  electrical  feedthroughs, 
and  ports  ■*,- -r-  att  Vd  to  the  J  arget  chamber. 

All  r; i:  i'r  "no  c  exponents  necessary  for  final  assembly  were  on 
hand.  Th-  c  - v.fon*.  nl-i  which  required  alignment  were  installed  and 
checked.  Ib'chanicul  assembly  was  completed  with  the  exception  of  the 
installation  of  th  source  which  was  being  repaired,  and  of  other  items 
which  would  not  he  installed  until  the  final  assembly  phase, 

Dj  sassc-mh]  y  and  Clean! nc 

■  The  machine  was  disassembled}  all  components  and  associated 
fittings  v  .*re  rare  fully  identified  to  speed  final  assembly.  (The  pole 
pieces  and  frame  or  the  mass-analyzer  magnet  were  left  intact.) 

The  ■••••  chamber,  einzel  lens,  and  decelerator  assembly  were 
completely  ;I *. r- •» ss« ■: 1  od .  All  the  fittings  attached  to  the  target 
chair  r  i*  i  ••  ’ . 

With  disncsfuMy  complete  all  components— flanges,  fittings,  etc.- 
which  would  iiHin>''it*-)y  be  in  contact  with  the  interior  of  the  vacuum 
system  exception  of  thermocouple  gaugas,ion  pumps,  rotary 

motion  fe  if  rough- .  and  roughing- system  components)  were  cleaned 
indi v-dvn! \\ .  in  ti  following  manners  (l)  rough  cleaned  with 


2  A 


4 


GE/EE/70-20 

trichloroethylene,  (2)  vapor  degreased  in  trichloroethylene  (three 
times),  (3)  hand  cleaned  with  lint-free  cloths  in  acetone  and  methanol. 

Final  Assembly.  Leak  Testing,  and  Electrical  Checkout 

The  target  chamber  was  reinstalled  on  the  support  table.  The  com¬ 
ponents  were  bolted  together  in  the  order  listed  in  Table  II.  The  types 
of  seals  between  the  component 'ore  also  listed  in  Table  II.  The  fol¬ 
lowing  description  supplements  the  information  given  in  this  table.  The 
viton  gasket  is  an  aluminum,  reinforced  polymer  gasket.  The  gold  seal 
is  a  continuous  gold  "0"  ring  made  of  high-purity,  0.040-in. -diameter 

ii 

gold  wire.  The  copper  seal  is  a  flat  OHFC  copper  gasket  used  with 

\ 

"con-flat"  ultra-high-vacuum  flanges. 

At  that  point  the  arc-focus  assembly  was  not  yet  repaired;  there¬ 
fore,  the  open  end  of  the  mass-analyzer  section  was  capped  with  a  blank 
flange. 

To  install  the  500-l/s  ion  pump,  the  ion-pump  stand  was  placed 
beneath  the  auxiliary  chamber,  and  the  ion  pump  was  carefully  moved 
onto  it.  The  ion  pump  adapter  was  then  bolted  to  the  ion  pump,  and  the 
ion-pump-adapter  flange  and  the  flange  on  the  base  of  the  auxiliary 
chamber  were  carefully  aligned.  The  viton  gasket  was  inserted,  the 
pump  was  raised  into  position  with  the  adjustable  legs,  and  the  adapter 
and  chamber  were  securely  bolted  together.  The  load  was  distributed 
evenly  on  each  pump  leg  to  prevent  unnecessary  stresses.  The  ion  pump, 
ion-pump  adapter,  and  stand  are  shown  in  Fig.  12.  The  roughing  vacuum 
system  was  then  attached  to  the  2  3/4-in.  flange  on  the  auxiliary 
chamber.  The  roughing  vacuum  system  was  modified  previously  to  make  it 
compatible  with  the  ion-pumped  system.  The  roughing  system  consists  of 
a  mechanical  pump,  vent  valve,  bakeable  zeolite  trap  with  isolation 
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Table  II 

Component  Assembly  and  Flange  Seal.  Types 

Components 

Seal 

auxiliary  chamber/target  chamber 

viton 

decelerator/target  chamber 

gold  wir' 

mass-analyzer  section/decelerator 

II  It 

einzeF  lens/decele^ator 

It  ft 

rotary  motion  feedthroughs/ 
target  chamber 

II  It 

viewing  ports/target  chamber 

It  II 

ionization  gauges/target  chamber 

copper 

electrical  feedthroughs/ 
target  chamber 

•1 

blank  flange/einzel  lens 

gold  wire 

ion-pump  adapter/ion  pump 

copper 

ion-pump  adapter/auxiliary  chamber 

viton 

thermocouple  gauge/source  chamber 

copper 

viewing  port/source  chamber 

II 

qas  line/source  chamber 

•1 

8-l/s  ion  pump/source  chamber 

II 

filament  feedthrough/source  chamber 

II 

arc-focus  asssmbly/einzel  lens 

gold  wire 

arc- focus  assembly/source  chamber 

II  II 

6E/iii*-/7n 

v3)  v»  c»,  ion-;  nr'p  >•.  tat  ion  with  three  sorption  pumps,  pressure 

o  r,  -  i  b'yb- vtviiu.ri  isolation  valves  as  shown  in  Fig.  3. 

T!::-  i  r  then  rough  pumped  down  to  a  pressure  of  300  mTorr 

/ 

w : i !  1 1 At  this  pressure  the  mechanical  pump  was 

vs ’ :>•  ‘  first  sorption  pump  (  which  had  been  cooled)  was 

{>.  cf  77  mTorr  was  attained.  The  sorption  pump 

wee  •  :  .  •  v;  .  •  5/*;t*-r.,  pressure  rose  rapidly  indicating  that 

f:  ’■  :-r.  IcvVs  ?~»re  found  at  the  deoelerator/target 

-  ‘i.trjiyT  v  section  fiances.  The  leaks  were 
the  fl  myes.  The  system,  then  attained  a 
i-  •  -Vo  inly  1  r..'cir.  At  this  pressure  the  ion  punsb 

v(.  .  >  corptiun  pump  was  valvod  off.  Kith  the  ion  pump 

i.  ,  :i  'y.»tes::. r«  -'J.cd  a  base  pressure  of  2  x  jo  ®  Torr. 

7b  -  c  ur.  assembly,  source  chamber,  and  einzel  lens  were 
e?,«  :•  i  AX  .luring  tie  repair  process;  therefore,  the  need  for 

t‘*  r.:  '  '  .-•-punster,  sysUa;  was  obviated,  and  instead  a  support 

v.v:  f.  .  i.nd  installed  under  the  mass- analyzer  section  to  relieve 

i.'  *  :v nior  assembly. 

» >::.ov.  d  from  the  mass-analyzer  section.  The 
•  vl  It- us  assomMy  was  attached  to  the  mass- 

.  ..  ■  a  •  a  #  « 

.  .  .  •  ■  c;  v.y.-.-u  :*:»•.  i  c :r.  r.r'C. 

o  .  ‘  •/’H-it5'.*  .v-*.r*  attached  to  the  in?, -source 

•  *  |  f'-!  . '  .  ‘  s  * 

r-.,  '  j  ur  poo*  with  the  mechanic  a1  pump  tc  a  pressure 
Iter*  s or; tier,  pumped  to  approximately  3  mTorr. 

"•  e»-.d  it  pur;.od  the  system  to  z  pressure  of 

.linn  thpt  no  significant  leaks  were  present  in  the 
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source-chamber  assembly  and  that  the  arc-focus  assembly  had  been 
repaired  sractcrily. 

Tfv.;  y-.s-fi-cd  assembly— which  consists  of  a  source  gas  bottle, 
procsui*  .'.gyle  tor.  drier,  leak  valve,  glees  insulator  tube,  and  a 
ltfvjti!  •>;.  ‘.t.'lii, steel  tubing— was  fabricated  and  attached  to  the 


SOU  Ci;  ! 

Du; 
Far a  tv/ 
aU;i.  •, 
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-.1 : 'tier;  of  the  gas-food  assembly,  the  universal 
r  '  '  o  r-'d  and  fabricated.  This  assembly  was 

v  «s  •  rotvry  Bs-tiori  f*v *J-[  hreugh  ir.  the  target  chamber. 

K-\  1** !  to  th-  electrical  feedthroughs.  A  mecher.t- 

\ 

Jo  and  rubricated  to  position  the  quartz  indicator; 

this  e*r.r-wv‘3y  wos  ;.tl3c.boU  tc-  the  horizontal  rotary  motion  feedthrough 
in  the  chamber. 

The  mechanic cl  assembly  was  then  complete,  and  the  system  was 

-8 

pumped  .do,.-:.  It  reached  a  base  pressure  of  2  *  10  Torr,  Indicating 

"that  th  .  '  wore  no  significant  leaks  in  the  system.  ■- 

Si  ch  r.-:cb.r.<i.9l  assembly  completed  and  high  vacuum  attained  in  the 

s/sU-,,,  h".  vithodc  was  prepared  for  installation.  The  system  was 

vented  t-.  'Ur-.*u >.**•;»-  pressure.  and  the  filament  electrical  Feedthrough 

" •  T\  *•  ;•?  »*.*.:••■?  ir.  a  **acu‘J s’. class  cor,- 

v'.:  *  «■  d  dct*i',-:r dlo;.  Th*  ath. i-  .vat 

t‘*>  t  vftUlner.  rhatlnuc  tod  platinum  *  10X  rhodium  wires 

:c  i-vw  tc  the  emitting  surface,  and  the  cathecte 

i  leads)  entr  the  filament  elf  trica!  feed- 

«•  .-ires  wre  then  attached  to  the  filament 
♦ 

The  electrical  feedthrough,  with  cathode  and 
d,  v;-,:.  reinstalled  in  the  tec  of  the  source  chamber. 


tainsr  > 

ie!i-;V.- J  ; 


(there  • 

...  »  ...  .  ,.  k  .....  ■*  ! 

was  rev-t- 

d  huaUx  lei 

throur’  . 

t  b-.  ’ “  o. C.'pl  ,-i ; 

el o  - it *  A’ 
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The  system  was  pumped  down  to  2  *  10  Torr.  Nitrogen  gas  was 
.vJnittod  to  the  system  through  the  gas- feed  line  to  remove  the  air  and 
any  impurities  which  might  have  entered  wl)en  the  system  was  at  atmos¬ 
pheric  pressure . 

The  p. ..  r  supplies  and  associated  instrumentation  where  then  con- 
?!••••  1  1  to  the  various  system  components.  A  check  of  the  system  revealed 
that  ail  of  the  power  supplies  and  instrumentation  wore  functioning 


.•uitie.]  attempts  at  obtaining  an  arc  were  hampered  by  the  apparer.t 
1  •  i;  of  sufficient  emission  (electrons)  from  the  filament.  I  found 

V 

•b;M  In  the  original  set-up  of  the  system,  before  it  was  brought  to 
Pi  rig.  5?s,  the  emitting  surface  of  the  cathode  was  not  connected  elec¬ 
tric  ally  to  the  filament  supply  (electrical  zero  with  respect  to  the 
anode  and  intermediate  electrode).  As  a  result  the  gas  ionization 
efficiency  was  reduced,  and  the  filament  had  to  be  operated  at 
abnormally  high  currents  (approximately  10  A)  to  obtain  an  arc.  To 
r  m-dy  this,  the  omitting  surface  was  connected  to  the  filament  by 
pl  an  external  jumper  from  one  leg  of  the  filament  to  one  leg  of 

>  ■ ;  <  he  cup  le.  The  performance  of  the  source  was  improved;  an  arc 


•  i-:*- *.d  *il v*ut  current  of  approximately  C  A. 

t  •1.-  -v!n  5  railed  because  arcing  occurred 


■ » v  insulator  in  the  gas- feed  assembly.  This  problem  had 
.o*  >rr.i  by  f-.-»  srioir.al  designers  since,  as  the  records 


t i  -  r, .-chine  had  neve:  been  operated  in  this  configuration 
at  fv.lt! vc  be.-.m  potential).  The  length  of  the  glass  insulator 
i  f 2  *>/.’.  ^  in.  with  the  addition  of  the 
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specially  designed  insulai-or  shcvifnJLn  Fig.  13.  This  modification 
enabled  the  author  to  succeed  in  obtaining  a  nitrogen  ion  beam  in 
the  system.  The  characteristics  of  this  l?oam  are  given  in  Chapter  V. 
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ictorl  sties  and  Procedures 


This  chapter  is  divided  into  two  sections:  (l)  electronic 
circuitry  and  typical  pararncter  values,  a;v*  (?)  operating  procedures. 
The  purpose  of.  the  chapter  is  to  \  rov'd  •>?•:„*  .  fer  the  operation 
of  the  ion  beans  w-hi  nr- , 


Electronic  Circuitry  end  Tyrf  c«3  Ijjjg&i.  .k 

Electronic  Ci.f  •  i ».  t ty .  The  v.  ;  '•  *  .  » usr^ntat’ion  are 

"  V**' 

described  Jr.  Appendix  A.  A  s-ic-n*  *;;  dr.i\Jr:y  :  {h  r.»: 'nine  -with  its* 
associated  electronic  circuitry  is  siwn  in  Tig.  34. 

The  cathode  Is  an  Indirectly  heated  type  described  in  Appendix  B. 

Power  is  supplied  to  the  cathode  heater  by  a  0  to  To  V,  12-A  alternating 
ac  current  supply.  The  cathode  teeperatvnc  5  ?  monitored  by  a  platinum- 
versus-platinum  ♦  \C%  rhodium  thermocouple  which  is  spot-welded  to  the 
emitting  surface.  A  temperature  calibration  chart  for  the  thermocouple 
is  giver,  in  Appendix  B  (Ref  7:?5,?3).  A  s  let  r '  tnmperatuw --versus- 
input  power  and  voltage  is  also  contained  in  Ai  'odix  R  (Ref J3>.  The 
operation  of  the  filament  se^so  to  agr  .nv  closely  with  the  plot  of 
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The  arc-focus  magnet  is  energized  by  a  0  to  200  V,  4  A  dc  p Diver 
supply. 

The  pressure  in  the  source  changer  is  monitored  V>y  0  to  1000  mTorr 
thermocouple  gauge  (control  unit  is  in  the  control  console). 

The  arc,  arc  focus,  and  filan.jnt  power  supplies,  IV.'  inf  iiate- 
electrode  monitor,  and  the  thermocouple-g^uge  control  nr-v  r 
enced  to  the  beam  potential.  Si  tee  all  the  source  ol«  r* .  ■.  *iv 

referenced  to  the  beam  potential,  the  entire  ior.  sour  s  ;  .  51H  • 

with  respect  to  ground  by  an  amount  equal  to  the  rU  si  r  i*i," 

This  allows  the  ma%s-analyzer  section,  decoleraio’*,  u  ■?  '  »»;••>  •  i  ;■?;> 
to  be  grounded  for  safety  and  maximum  flexibility. 

The  beam-energy  and  einzel-lens  voltages  are  suppl  e  d  by  o  to  30  kV, 
10  mA,  filtered,  dc  power  supplies. 

Grid  bias  for  the  Faraday  cup  ia  supplied  by  a  0  to  300  V  dc  power 
supply. 

Typical  Ope  rati  no  Parameter  Values.  Ooerating  para..-  ters  of  the 
ion  beam  machine  were  observed  during  it~  ooecation  in  the  present  con¬ 
figuration.  These  nominal  values  are  intended  to  snrv  h  pu'd*  in 
the  operation  of  the  system.  Any  changes  made  to  the  ty-Un  =.  jr  nV.r 
these  values  considerably.  The  parameters  (for  r.Hr^  v.  <n$)  are 
shown  in  Table  III.  The  values  of  these  para*r-it*-:  t  *  .  -  s»v  it*,  s 

beam  potential  of  6.5  kV  and  an  ein**)-lens  voltage  of  .V. 

The  values  of  the  remaining  parameters  (bec~  volte;  ,  U  w 
analyzing-magnet  current,  etc.)  are  not  typical  and  at'  •  |n 

Chapter  V. 
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Table  1 

II 

Typical  Parameter  Values 

for  Ion  Beam  Machine 

Parameter 

Typical  Value 

Units 

source  gas 

nitrogen 

— 

source-gas  pressure 

180  to  220 

mTorr 

filament  voltage 

10  to  11 

V 

filament  current 

6  to  7 

A 

i  n+f'rmedi  ace-el  octrode 
voltage 

30  to  50 

V 

i  ntermodi  ate--,  lectrodn 
current 

130  to  150 

tflA 

arc-focus  magnet  voltage 

9  to  15 

V 

arc-focus-megnet  current 

1  to  2 

A 

anode  voltage 

50  to  60 

V 

anode  current 

1  to  2 

A 

target-chamber  pressure 

o  x  io-7 

Torr 

Far.  -cup  grid  bias 

o 

o 

r— i 

1 

V 

1 

■ 

O',"  iti  nq  P  rocedures 

The  follo.v:  no  aerating  procedures  which  evolved  throughout  the 
s4.'jd-;  2nd  operation  of  the  system  are  recommended.  (For  component 
location,  refer  to  Fig.  3.) 

Atmosi  her ic  Pressure  to  Hi_ah  Vacuum 

1.  Insure  that  all  valves  in  the  system  ar<,  closed  and  that  all 
ports  and  flanges  have  been  tightened  securely. 

?.  insure  that  a' 1  electronics  are  off,  with  the  exception  of 
tho  thermocouple  gauges. 
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3.  Fill  the  Dewars  of  two  of  the  sorption  pumps  with  liquid  nitro¬ 
gen  (insure  that  the  corks  on  the  sorption  pumps  are  in  tight); 
wait  40  minutes  (refill  the  Dewars  as  necessary).  Note;  The 

.  mechanical  pump  is  used  for  leak  checking  only  when  it  is 
apparent  that  there  are  gross  leaks  in  the  system.  The  trap 
must  be  v/ell  baked  and  the  system  must  not  be  pumped  below 
300  mTorr  with  the  mechanic-?!  pump. 

4.  Open  the  sorption-pump  manifold  valve  of  the  first  sorption 
pump  slowly,  but  fully.  Open  the  sorption-pump-monifold-to- 
auxiliary-tf hamber  valve  very  slowly  to  avoid  having  liquid 
nitrogen  boil  out  of  the  sorption-pump  Dewar.  Monitor  the  " 
pressure  with  the  roughing -pres sure  thermocouple-gauge  indi¬ 
cator  in  the  panel  below  the  ion-pump  control  unit. 

5.  Wait  for  the  system  pressure  to  drop  to  500  mTorr  (approxi¬ 
mately  fifteen  minutes).  Refill  the  sorption-pump  Dewar  as 
needed.  Valve  off  the  first  sorption  pump  at  the  manifold. 

6.  Open  the  valve  on  the  second  sorption  pump.  Turn  on  main 
power  switch  #2  on  the  laboratory  wall  (insure  that  the  high- 
voltage  power  supplies  are  off).  Turn  on  only  the  circuit 
breaker  on  the  low-voltage  side  of  the  control  console.  Adjust 
the  current  set  knob  on  the  source-pressure  thermocouple-gauge 
control  unit  on  the  console  to  121  mA.  Monitor  the  system 
pressure  on  this  gauge.  When  the  pressure  has  dropped  to 
approximately  1  mTorr,  star4:  the  500-l/s  ion  pump  in  accordance 
with  its  operating  instructions  (Ref  3:2-11).  When  the  pump 
has  started,  close  the  sorption-pump-manifold-to-auxiliary- 
chamber  valve.  Secure  the  sorptior.  pumps. 
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_7 

7.  The  system  pressure  should  drop  to  approximately  1  x  10  Torr 
(measured  at  ion  pump)  within  one  hour  after  the  500-l/s  pump 
is  started  (assuming  that  the  system  has  no  significant  leaks). 
Note:  The  ionization  gauges  are  used  to  measure  target-chamber 
pressure  only  when  increased  accuracy  is  desired. 

_7 

8.  When  the  system  pressure  reaches  approximately  5  x  10  Torr, 
start  the  8-l/s  source-chamber  ion  pump  in  accordance  with 
its  operating  instructions  (Ref  4:5-6).  The  pressure  (from 
log  scale  cn  pump -control  unit)  in  the  source  chamber  should 
drop  to  approximately  5  *  10  f  Torr  in  one  hour. 

System  Operation  at  High  Vacuum 

1.  System  pressure  should  be  at  least  1  x  10  ^  Torr  prior  to  con¬ 
tinuing  with  these  instructions. 

2.  Turn  on  the  source-cooling  air  blower  and  the  analyzing- 
magnet  cooling  water. 

3.  Depress  the  filament-supply  ON  button  (current  control  should 
be  in  extreme  counterclockwise  position). 

4.  Slowly  increase  filament  current  in  small  amounts  (l  to  2  A) 
until  the  operating  temperature  is  reached  (approximately 
10.5  V  at  6.0  A  on  power-supply  meters).  The  filament  will 
outgas  as  it  is  heated;  keep  the  pressure  in  the  source  chamber 

-5 

below  1  x  io  Torr  while  the  filament  is  heating. 

5.  When  the  filament  operating  temperature  is  reached  and  out- 
gassing  has  stopped  (as  indicated  by  decreasing  source -chamber 
pressure),  turn  off  the  8-l/s  source-chamber  ion  pump. 

6.  Filament  emission  should  be  checked  at  this  time.  Depress  the 
ON  button  on  the  arc  supply  (voltage  control  would  be  in 
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extreme  counterclockwise  position).  Raise  the  arc  voltage  to 
approximately  50  V|  the  intermediate-electrode  current  should 
be  approximately  5  to  10  mA.  If  filament  emission  is  not 
apparent,  follow  the  filament  activation  procedure  in  Appendix 
B.  When  activation  is  complete,  return  the  filament  supply  to 
normal  settings  and  repeat  this  step.  Should  the  filament  fail 
to  activate,  check  and  replace  it  if  necessary. 

7.  Open  the  source-gas  bottle.  Adjust  the  gas-pressure  regulator 
to  approximately  10  psi. 

8.  Return  the* arc-supply  control  to  the  fully  counterclockwise 
position.  Open  the  precision  leak  valve  and  adjust  the  source- 
gas  pressure  to  the  desired  value  (50  to  400  mTorr,  depending 
upon  the  source  gas  used). 

9.  Check  the  current  setting  on  the  source -pressure  thermocouple 
gauge  (121  mA)}  adjust  the  gas  pressure  if  necessary. 

10.  Raise  the  arc-supply  voltage  control  until  the  arc  strikes 
(50  to  100  mA  intermediate-electrode  current).  Continue  to 
raise  the  arc-voltage  control  until  the  intermediate-electrode 
current  peaks  (300  to  400  mA).  Continue  to  increase  the  arc- 
voltage  control;  a  point  will  be  reached  when  the  intermediate- 
electrode  current  will  drop  sharply  accompanied  by  a  simul¬ 
taneous  rapid  increase  in  arc-supply  current  (anode  current). 
When  this  occurs,  adjust  the  arc  supply  quickly  for  the  desired 
arc  current  (approximately  60  V).  Check  the  source-gas  pres¬ 
sure  immediately  and  adjust  it  as  necessary  to  maintain  the 
desired  pressure.  Obtaining  a  steady  arc  is  an  art  and  will 
require  patience  and  practice.  If  the  arc  is  extinguished 
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(intermediate  electrode  and  arc  supply  current  drop  to  zero), 
reduce  the  arc  voltage  to  zero  (wait  several  minutes)  and 
repeat  the  procedure  beginning  with  Step  8.  If  the  intermediate 
electrode  current  peaks  and  then  drops  to  zero,  the  gas  pressure 
may  be  improperly  set  or  the  filament  emission  may  be  insuffi¬ 
cient  to  maintain  the  arc.  Check  the  filament  emission  (raise 
slightly  if  necessary)  and/or  try  a  different  source-gas 
pressure. 

11.  Once  a  continuous  arc  and  stable  operating  conditions  have 
been  obtai/iod,  depress  the  O'!  button  of  the  arc-focrs-magnet 
supply  and  adjust  the  magnet  current  to  its  normal  operating  ' 
value  ( 1  to  2  A) . 

12.  Energize  the  Faraday-cup  grid-bias  supply  and  set  the  bias  at 
-  100  V. 

13.  Insure  that  the  coarse-current  control  on  the  analyzing-magnet 
power  supply  is  in  the  extreme  counterclockwise  position. 

Depress  the  ON  button  and  adjust  the  coarse-current  control 

to  the  approximate  setting  (Ref  2:28-32). 

1*’.  Insure  that  the  voltage  control  of  the  high-voltage  power 
supplies  (beam  energy  and  lens  voltage)  are  in  the  extreme 
counterclockwise*  position.  Turn  on  the  circuit  breaker  for 
the  high-voltage  section  of  the  console;  turn  on  the  safety 
key  switch. 

lb.  Slowly  raise  the  beam  voltage  to  the  desired  value.  HAZARDOUS 
POTENTIALS  N XI  EXIS X  ON  THE  SOURCE  END  OF  THE  MACHINE.  Check 
the  arc  operating  parameters  and  adjust  as  necessary  (arc  param¬ 
eters  may  change  ns  an  ion  beam  is  extracted  from  the  source). 
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*  16.  Raise  the  lens  voltage  to  the  approximate  operating  value. 

17.  If  the  operating  parameters  are  reasonably  correct,  the  beam- 

« 

current  micro-ammeter  should  indicate  the  total  beam  current. 

18.  Adjust  the  following  parameters  to  obtain  maximum  beam  current: 

(1)  Mass-analyzer-magnet  current 

(2)  Lens  voltage 

(3)  Arc  current 

(4)  Arc-focus-magnet  current 
(b)  Source-gas  pressure. 

19.  All  operating  conditions  must  be  checked  at  short  intervals  due 
to  the  extreme  lino-voltage  fluctuations  which  occur  in  the 
electrical  circuits  in  the  laboratory. 

20.  If  the  beam  should  stop,  do  the  following  as  safely  and 
quickly  as  possible:  (l)  reduce  both  high-voltage  power 
supplies  to  zero,  (2)  set  the  arc  supply  to  zero,  (”)  close 
the  precision  gas-leak  valve,  (4)  set  the  analyzing-magnet 
current  to  zero,  (5)  set  the  arc-focus-magnet  current  to  zero, 
and  (6)  begin  again  at  Step  8. 

21.  If  the  500-l/s  ion  pump  should  trip  off  at  any  time,  accomplish 
Step  20  immediately  and,  in  addition,  reduce  filament  current 
to  one-half  of  its  operating  value;  wait  two  minutes,  and 
reduce  filament  current  to  zero.  Begin  energizing  the  system 
again  beginning  at  Step  1  of  this  section. 

Securing  System  Electronics.  Carry  out  Step  20  of  the  previous 
section.  In  addition,  turn  off  all  su[ plies  mentioned  in  Step  20, 
reduce  the  filamant  current  slowly  to  zero,  close  sourcc-gas  bottle, 

’  shut  off  mass-analyzer-magnet  cooling  water  whor,  the  pole  pieces  are 
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cool,  turn  off  the  high-voltage  safety  switch,  turn  off  the  high-  and 
low-voltage  section  circuit  breakers,  turn  off  main  power  switch  #2  on 
the  laboratory  wall,  turn  off  Faraday-cup  grid-bias  supply,  and  turn  off 
source-cooling  air  blower  when  the  source  chamber  is  cool.  Start  the 
8-l/s  ion  pump  and  insure  that  500-l/s  ion  pump  is  operating  properly. 

Vent i no  the  System  to  Atmospheric  Pressure 

1.  Insure  that  all  power  supplies  are  de-energized  and  make  sure 
the  filament  i s  cool . 

2.  Turn  off  both  ion  pumps  if  one  or  both  are  on. 

3.  Attach  a  ops  lino  from  the  gas  phase  connection  on  the  liquid- 
nitrogen  Dewar  to  the  vent  valve  on  the  auxiliary  chamber.  ' 
Remove  as  much  air  from  the  nitrogen  line  a&  possible  before 
attaching  it  to  the  vent  valve. 

4.  Open  the  sorption-pump-manifold-to-auxiliary-chamber  valve  so 
that  chamber  pressure  may  be  monitored  on  the  Eourdon  pressure 
gauge  in  the  sorption-pump  manifold. 

5.  Open  the  vent  valve  and  admit  nitrogen  slowly  to  prevent 
creating  a  vacuum  in  the  nitrogen  Dewar.  Watch  the  pressure 
gauge  and  close  the  vent  valve  when  the  pressure  is  zero  inches 
of  mercury  or  zero  psi .  DO  NOT  PRESSURIZE  THE  SYSTEM. 
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V.  Results  and  Conclusions 

The  characteristics  of  the  vacuum  system  and  the  ion  beam  are  dis¬ 
cussed  in  this  chapter.  The  results  are  analyzed  and  som  conclusions 
presented. 

Vacuum  System  Characteristics 

A  major  problem  in  the  assembly  of  this  machine  was  the  attainment 
of  high  vacuum.  As  a  result  of  the  modifications  discussed  in  Chapter 
III,  a  vacuum  syJ  r»  was  obtained  with  a  base  pressure  (without  baking) 

V 

-8 

of  less  than  1  x  10  Torr.  This  ultimate  vacuum  exceeds  the  projected 

requirements  of  the  system.  The  500-l/s  ion  pump  handles  the  gas  load 

(neutral  gas  escaping  from  the  anode  orifice)  satisfactorily  with 

nitrogen  as  the  source  gas.  The  pressure  in  the  target  chamber  rises 

-7 

to  approximately  7  x  10  with  the  source  in  operation,  with  an  arc 
current  of  1  A  and  source  gas  pressure  of  220  mTorr.  This  target 
chamber  pressure  is  sufficiently  low  to  prevent  the  ion  beam  from  being 
adversely  affected  and  to  make  target  contamination  insignificant.  The 
system  is  virtually  oil  free. 

Ion  Beam  Characteristics 

A  nitrogen  ion  beam  was  obtained  in  the  system;  the  characteristics 
of  the  beam  and  the  operating  condition  of  the  system  are  presented  in 
Table  IV.  The  beam  current  was  maximized  by  adjusting  the  following 
parameters!  (1)  arc  current,  (2)  arc-focus-magnet  current,  (3)  einzel- 
lens  voltage,  (4)  source-gas  pressure,  and  (5)  mass-analyzing-magnet 
current. 
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Table  IV 

» 

Characteristics  of  the  Nitrogen  Ion  Beam 
a;J  Operating  Conditions  of  the  System 

Parameter 

Value 

Units 

source  gas 

nitrogen 

-- 

source-gas  pressure 

190 

mTorr 

filament  voltage 

10.75 

V 

filament  current 

6.8 

A 

intermedi ate-electrode 
voltage 

45 

V 

intermedi ate-electrode 
current 

145 

mA 

arc-focus-magnet  voltage 

10 

V 

arc-focus-mag net  current 

1.05 

A 

anode  voltage 

56 

V 

anode  current 

1.25 

A 

beam  energy 

6.5 

keV 

cnizel-lens  voltage 

5.3 

kV 

analyzing-magnet  current 

1.0 

A 

bean;  current 

0.8 

tiA 

FaraJ-v/— ;\r  bias 

-100 

V 

The  trix! r,  '-'-  b;  ,•  « et^ntial  was  limited  to  6.5  kV  by  arcing  which 
occurred  threw  u- feed- line  insulator  (source  end  of  gss  line  at 

fct-M’ve  i  ,  frocis'-n  leak  valve  at  ground- -earth  ground— 

I  ’i-vrill  ,‘tregon  gas  at  700  rrTorr  formed  a  lo.»- resistance  path, 


r 

« 
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ionized,  and  overloaded  the  beam-voltage  power  supply.  Originally  the 
glass  insulator  was  2  3/4  in.  long  and  breakdown  occurred  at  700  V. 

The  breakdown  voltage  was  Increased  to  approximately  7  kV  by  installing 
the  redesigned  insulator  shown  in  Fig.  13.  This  problem  was  not  apparent 
at  the  outset  because  as  far  as  can  be  ascertained,  the  system  had  never 
been  operated  in  this  configuration  before  (Refs  3  and  A),  This  problem 
could  not  be  completely  solved  because  of  the  time  limitation,  but  pro¬ 
posed  solutions  are  presented  in  Chapter  VI. 

The  beam-energy  power  supply  current  was  excessive  ( 80C  p  A)  for 
the  beam  current  obtained  (0.8 n  A).  This  phenomenon  is  explained  by 

V 

the  fact  that  at  low  extraction  voltages,  the  ion  beam  diverges  rapidly 
and  the  whole  beam  does  not  pass  through  the  aperture  in  the  extraction 
electrode.  A  large  fraction  of  it  impinges  upon  the  extraction  electrode 
causing  current  in  the  beam-potential  (extractor)  circuit.  (This  cur¬ 
rent  is  the  sum  of  the  ionic  current  and  the  secondary  electron  current.) 
This  phenomenon  decreases  with  increasing  extractor  voltage  until  the 
whole  beam  passes  through  the  extractor  aperture  (Ref  10» 144-145).  When 
sufficient  extraction  voltage  is  obtained  in  this  system  (i.e.,  when  the 
g»s~feed  problem  is  solved),  the  beam  current  available  in  the  target 
chamber  should  increase  markedly. 

At  times  the  lo.v-voltag<'  arc  was  unstable  and  difficult  to  iritis*: 
and  maintain.  Increasing  the  filament  temperature  and,  consequently, 
its  electron  emission,  seemed  to  alleviate  this  condition.  Operating 
the  filament  at  these  increased  temperatures  <s  inconsistent  with  good 
engineering  practice.  It  is  apparent  that  either  the  anode-to-cathcxie 
distance  is  too  large  or  the  cathode  electron  emission  is  insufficient. 
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This  problem  should  be  studied  in  detail  to  improve  the  performance  of 
the  source. 

Solutions  for  these  and  other  less  significant  problems  are  dis¬ 
cussed  in  t!i?  following  chapter. 

Performance  as  an  Ion  Implantation  System 

The  machine  in  its  present  form  has  the  essent.il  components  to 
perform  small  area  implants  of  dopants  which  may  he  derived  from 
eior.’T.t tl  or  co&pourl  non-corrosive  gases.  When  tire  restriction  on 

the  maxim*.®  l^an  potential  has  toon  el  Urinated  by  tire  incorporation  of 

»» 

one  of  the  modifications  discussed  in  Chapter  VI,  the  machine  will  per¬ 
form  satisfactorily  as  an  ion  implantation  system. 
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VI.  Recommendations 

In  addition  to  the  many  modifications  which  the  system  has  under¬ 
gone,  other  possible  modifications— somr  necessary,  some  desirable- 
have  come  to  light.  The  following  items  are  pivr  nted  which  would 
increase  the  usefulness  of  the  ion  beam  machine  es  an  Ion  implantation 
system.  Th  recommendations  av.'  divided  into  two  cl  assess  (l)  ri-ces- 
sary  and  (?)  desirable. 

■* 

Recommendations  (Necessary) 

1..  The  most  significant  problem  is  the  limited  beam  potential. 
TVro  courses  of  action  are  advisable  at  the  present  t i m-c- * 

(1)  install  a  glass  frit  (porous  glass  filter)  in  the  glass 
insulating  section  of  the  gas-feed  line  and  (2)  float  the 
entire  gas-feed  system  at  the  beam  potential.  Since  it  is 
-desirable  for  the  precision  gas-leak  valve  to  be  grounded 
for  safety  and  ease  of  control,  the  solution  utilizing  the 
glass  frit  should  be  attempted  first. 

2.  The  repair  of  the  arc-focus  assembly  should  be  considered 
only  a  t*Tf?r*rv  solution  s'nrc  th*'  p re if  •>**«•  in  t*> 
system  po$->*  potential  protUcs.  This  aciePh »u  svcaid  be 
replaced  with  a  propsrly  designed  ceramic  ar.d  r^tal  section 
of  similar,  but  improved,  construction. 

3.  Instabilities  noted  in  the  arc  when  the  source  »a*  In  op2ra- 
tion  indicate  that  improve  *nl  of  the  cathode  and  atserialed 
components  is  necessary,  k  study  should  be  conducted  t? 
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determine  the  optimum  filament  or  cathode  type*  the  correct 
filament  spacing,  and  the  optimum  source  geometry. 

4.  The  electrical  system  (line  voltage)  in  the  laboratory  suf¬ 
fers  from  fluctuations  and  transients  which  cause  the  system 
to  be  unstable.  A  three-phase  constant-voltage  transformer 
or  solid  state  regulator  should  be  installed  in  the  incoming 
208^  feeder  for  the  laboratory.  The  capacity  of  this 
regulating  device  should  be  sufficiently  large  to  provide 
regulated  power  for  all  equipment  in  the  laboratory. 

5.  The  charaoteri sties  of  the  beam  should  be  examined  closely 
once  the  beam-voltage  problem  has  been  alleviated.  The  fol- 
lowing  characteristics  of  the  beam  should  be  determined 

-  :  V;  • dSccurateiyt  (l)  beam  intensity  (uA/cm  j.vs"heam  energy  (keV) 

/•;»  (2)- beam  intensity  (pA/cm^)  vs  source  pressure  (mTorr),  arc 

current  (A),  arc-focus-magnet  current  (A),  and  mess-analyzing 
magnet  current  (A),  and  (3)  beam-current-density  spatial  dis¬ 
tribution  at  the  target. 

Recommendations  (Desirable)  . 

r  •  ’  '  *  - 

1.  Two  high-vacuum  valves  should  be  installed  in  the  system.  If 
it  were  possible  to  isolate  the  500-l/s  ion  pump  from  the 
rest  of  the  system,  the  auxiliary  and  target  chambers  could 
be  brought  to  atmosphere  without  securing  the  ion  pump.  An 
additional  high-vacuum  valve  should  be  installed  between  the 
decelerator  assembly  and  the  target  chamber}  the  target 
chamber  could  then  be  brought  to  atmosphere  without  inter¬ 
rupting  the  beam.  It  is  desirable  that  the  beam  be  inter¬ 
rupted  as  little  as  possible  since  a  significant  amount  of 


'pMd^terra^ned^etting. 
bpiWato^  this  time-^oi^fidng1 " 


time  1*  required  to  obtain  •  stable  beam*  1$  the  1st  t»y  valve 
is  installed,  it  will  be  necessary  to  alter  the  pumping  system 

_:-  •  ■  •  .-r-  -^-  •  • 

■-""  since  it  must  handle  the  neutral  gas  load  while  the  source  is 
.  .isolated.  -  '  r"'  ■'■■  .  -Vr 

2.  A  universal  target  holder  should  be  designed  and  incorporated 
into  the  target  chamber.  It  should  have  the  following  charaa- 
<  tSri sties*  ( 1 )  it  should  have  three  degrees  of  freedom  <■ 

’  ^('preferably  adjustable  from  outside  the  target  chamber), 

(2)  It  should  accept  various  typgs  of  semiconductor  wa£_e.r$_,.  _ 

(3)  it  should  be  insulated  from  the  target  chamber  up  to 

30  kV  (1  x  10  4  Torr),  and  (4)  it  should  be  possible  to  heat 
it  tp  300°C;  or  cobl;  it  to  liquid-nitrogen  temperature «... 


A  d^rt^s^Usn:  assembly  should  be  installed  between  the  einael  „  , 
lens  and  the  entrance  to  the  mass-analyzing  section  which 

'  would  be  capable  of  aligning  the  beam  vertically  and  hori¬ 
zontally.  Proper  alignment  of  the  beam  at  the  entrance  to 
the  mass-analyzing  section  will  insure  the  most  efficient  mass 
separation. 

5.  The  decelerator-assembly  electrodes  could  be  removed  and  a 

beam- scanning  assembly  installed  in  their  place.  This  assembly 
would  consist  of  vertical  and  horizontal  deflection  plates  to 
which  variable  dc  and  ac  signals  could  be  applied  for  posi¬ 
tioning  and  sweeping  the  beam.  In  this_  manner,  uniform  implants 
could  be  obtained  over  a  much  larger  area. 
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6.  the  following  modification*  to  the  source  are  proposed  to 

increase  the  efficiency  of  the  system*  (1)  the  anode-aperture 
diameter  could  be  reduced  to  a  value  consistent  with  the 
required  beam  intensity  which  would  reduce  the  neutral-gas 
load  or.  the  system,  (2)  the  250-fl  resistor  in  the  intermediaier” 
electrode  circuit  could  be  replaced  with  a  0  to  375-&  poten- 
tiometer  which  could  be  used  to  furtheST optimize'the  source 
performance,  and  (3)  the  arc-focus  magnet  could  be  replaced 
with  a  more  conventional  concentrically  wound  type  consisting 
of  approximately  1000  turns  of  #26  wire  wound  on-a- Teflon 
spool. 

?.  Finally,  the  implantation  energy  range  of  the  system  could  be 
extended  to  approximately  50  keV  by  replacing  the  electrical 
feedthroughs  in  the  target  chamber 'with  the  ultra -high"Vol ta ge 
type  (up  to  25  kV  at  1  x  10-4  Torr)  and  by  operating  the  tar¬ 
get  at  a  potential  of  up  to  25  kV  negative  with  respect  to 
the  target  chamber. 
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Appendix  A  - 

» 

,  Power  Supplies  and  Instrumentation 

General 

The  power  supplies  associated  with  the  ion  beam  machine  were 
designed  initially  to  allow  a  great  deal  of  flexibility  in  the  opera¬ 
tion  of  the  machine. 

■» 

Console 

The  console  power  supplies  are  divided  into  *wo  sectio»sr~~  (iXiovt 
voltage  (left  side)  and  (2)  high  voltage  (right  side).  The  input  power 


circuit  breaker. 

The  low- voltage  section  is  electrically  isolated  from  the  line  (by 
a  1*1,  30  kV  isolation  transformer)  and  from  the  cabinet  in  order  that 
it  may  float  at  the  high  voltage  (beam  energy  supply  up  to  30  kV).  The 
controls  for  the  low-voltage  section  are  isolated  from  the  front  panel 
by  insulating  shafts  to  prevent  hazardous  voltages  from  being  applied  to 
these  controls. 

The  following  components  are  located  in  the  low-voltage  section 
(left  half)  of  the  console*  (l)  arc  supply  (0  to  200  V,  0  to  4  A  dci, 
(2)  arc-focus-magnet  supply  (0  to  200  V,  0  to  4  A  dc),  (3)  filament 
(cathode)  supply  (0  to  26  V,  0  to  12  A  ac),  (4)  intermediate-electrode 
dropping  resistor  (250  0),  (5)  intermediate-electrode  monitor  (0  to 
500  mA  dc  and  0  to  200  V  dc  meters),  snd  (6)  thermocouple-gauge  ccntrol 
unit. 
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the  high->itage  section  of  the  console  has  a  safety  key  switch 
in  addition  to  the  circuit  breaker  to  prevent  the  high-voltage  supplies 
from  being  energized  accidentally*  The  high-voltage  section  (right 
half)  has  two  0  *o  30  kV,  0  to  10  A  dc  power  supplies.  These  supplies 
are  also  isolated  from  the  line  by  the  30  kV  isolation  transformer. 

In  addition,  several  safety  interlocks  are  included  J.n  the  high-voltage 
section.  The  high-voltage  power  supplies  cannot  be  energized  unless 
their  controls  are  set  for  zero  voltage  (extreme  counterclockwise 
position).  There  is  a  door  interlock,  and  the  high-voltage  outputs 
are  automatically* grounded  when  the  high-voltage  section  safety  key 
switch  is  in  the  OFF  position.  Both  high-voltage  power  supplies  are 
equipped  with  adjustable  overload  trips.  The  high-voltage  supplies  are 
very  versatile}  they  may  ba  used  to  provide  0  to  30  kV  positive  or 

—Extreme- 

when  using  the  control  console. 

Farad av-Cup  Grid-Bias  Supply 

This  supply  may  be  any  0  to  200V,  0  to  10  mA  dc  supply. 


Analvzlno-Maunet  Power  Supply 

This  power  supply  is  designed  to  provide  continuously  regulated 
current  to  the  electromagnets.  Controls  provide  for  coarse  and  fine 
adjustment  of  the  magnet  current  from  0  to  50  A  dc.  Before  this  power 
supply  is  energized,  the  codling  water  for  the  magnets  must  be  turned  on 


The  roughing  pressure  in  the  sorption-pump  manifold,  in  the  auxil¬ 
iary  chamber,  and  in  the  source  chamber  is  monitored  by  three  thermo¬ 
couple  gauges  calibrated  to  read  pressures  from  0  to  1000  mTorr. 
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The  target  chamber  pressure  can  be  monitored  by  either  of  two 
ionization  gauges  installed  in  the  chamber.  The  controller  for  the 
ionization  gauges  is  in  the  auxiliary-equipment  rack  to  the  left  of 
the  target  chamber. 


The  thermocouple  voltage  may  be  measured  by  an  electrometer  or 
potentiometer.  Throughout  the  operation  of  the  machine  in  this  study 
the  beam  current  was  measured  by  a  Millivac  electrometer.  Model  MV852A. 
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t 

Characteristics 


The  following  technical  bulletins  and  graphs  describe  the  opera¬ 
tion  of  the  tungsten  dispenser  cathode. 
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NOTEIM  Tlii'.  sheet  !«v  Engine.  ?»  and  Supervisors 

TECHNICAL  BULLETIN  •  *106 
TUNGSTEN  CfiPFNSER  CATHODES 


t.  Handling  and  Cara  c!  Cathodes. 

•)  Porous  tungsten  with  a  fo' inula 
the  essential  form  of  thr-v-  ditp 
vapors,  the  cathodes  arc  p  ickcd 
undesirable  impurities  To  inujre 
to  atmospheric  condition,  for  m 
torr  or  better,  tf  cathodes  an-  r • 
to  j  vacuum  of  10  ’  totr  or  l>e!:, 
to  too  rapid  heating  afti  r  ir.rclv: 
dling.  These  bhsterj  may  I" 
b)  Dispenser  cathodes  have  I  n  «■. 
customer's  obji'divc.  Ho..  i1 
ioC  At  the-,.'  ternpet.:!o;c’..  ' 


of  barium  oxide  dispersed  throughout  the  matrix  it 
•  ■  .r  cathode:..  Because  BaO  wilt  absorb  moisture  and 
t  >  i:*t;s;mi7e  exposure  and  to  keep  out  dust  and  other 
,  ••  •  i>  performance,  cathodes  should  not  be  exposed 
>n  tli  ,r;  its  hours  Keep  in  a  partial  vacuum  of  50  * 
■:  l  id  in  gloss  when  received,  immediately  transfer 

•r  h’i'  tvrs  miy  occasionally  occur  on  the  surface  due 
it  ;  i-tfiosuic  to  moisture  during  assembly  and  harv 
i  !  ■  :  !>y  a  slower  rate  of  heating. 

.  f  OO'C  id  1250  C  depending  upon  the 

i.  i, .in*  customary  *•>  run  them  between  1025”C  and 
•.*  tJ  IK  emission  of  3  and  9  a/cm1  can  lie  expeclod. 


II.  Activation  and  L':c. 

The  following  suggestions  are  I  .ted  v  a  <;!•<*  diode  structure.  They  are  offered  as  a  guide 
only.  Time,  tempera! uiv  and  p-ocessii.c.  '  ■  <ubj«.ct  to  some  changes  for  large  lubes  and  tubes 

using  eeramk-metel  structures. 

Bake  tube  for  one  hour  at  450*C.  Cool  Vacuum  should  be  better  than  iO"*  torr  at  this 
point. 

b)  Raise  cathode  temperature  slowly  to  1 19C  C»  and  hold  for  5  minutes.  Measure  tempera¬ 
ture  on  tungsten  emitter. 

c)  Outgas  anode  by  induction  heating  900*C»  for  10  minutes.  Reduce  Et  to  prevent  cathode 
from  exceeding  1190*C«. 

d)  With  anode  cool,  set  cathode  temperature  to  llSO'C*  Apply  DC  anode  voltage  slowly 
to  50  volts  across  .025"  spacing.  Emission  current  sliould  flow  immediately  and  be  suf¬ 
ficiently  stable  for  tube  to  be  transferred  to  aging  and  life  rack  in  16  hour. 

e)  Partially  flash  getter  and  seal  off  di*de. 

f)  Finish  flashing  getter.  Put  tube  cn  test. 

g)  Activation  should  be  complete  in  from  Vj  to  <*.  hours  with  the  cathode  at  5  550*C». 
Anode  voltage  is  optional. 

h)  A  vacuum  of  I0‘ ?  to  10  *  torr  is  better  than  50  *  to  50  *  torr  with  respect  to  reducing 
adverse  effects  on  emission  during  operation 


SPECTRA 


MAT ,  INC 
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Standard  Cathode  Types 


■»  J,  ^  A  •  -  emitter 


Cst\c  ;c 

Dimensions 

(inches) 

a-  .or. 

.002 

C*  .005 

D*  .001 

td.  1.  * 

.134 

.040 

.285 

.116 

Std.  2CO 
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TECHNICAL  BULLETIN  -#10S 
TUNGSTEN  DISPENSER  CATHODES 


Tungsten  dispenser  cathodes,  in  general,  consist  of  a  porous  matrix 
with  a  formula  of  barium  oxide  dispersed  uniformly  throughout.  They 
have  been  operated  between  800#C  and  1250°C  depending  upon  the  appli¬ 
cation.  Some  generalized  curves  taken  from  the  literature  or  exper¬ 
ience  are  shown  below  to  illustrate  certain  key  parameters. 

It  is  apparent  that  custom-tailored  cathodes,  which  can  trade  one 
property  for  another,  can  have  significant  advantages  over  a  standard 
cathode  for  some  applications.  For  example,  choice  of  processing  or 
design  can  move  properties  vp  or  down  on  the  curve  or  even  displace 
a  curve  to  the  right  or  left. 
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Figure  17.  Thermocouple  Calibration  Chart 
(1200  to  1769°C)  (Ref  7s 23) 
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"  Appendix  C 


Repair  of  the  Arc -Focus  Assembly 

The  arc-focus  assembly  initially  consisted  of  two  stainless-steel 
flanges  separated  by  a  ceramic  insulator.  The  ceramic  insulator  had 
metal  compatible  with  kovar  embedded  in  it.  Kovar  rings  were  brazed 
into  the  flanges,  and  the  ceramic  insulator  was  brazed  to  each  flange. 
The  assembly  failed  at  these  brazed  seals* 

This  assembly  had  leaked  and  failed  previously  (Ref  4:14).  A 
seal  was  finally  obtained  through  the  use  of  low- vapor-pressure  epoxy 
(Ref  4:16). 

One  side  of  this  assembly  failed  again  as  explained  in  Chapter  III. 
Low-vapor-pressure  epoxy  was  applied  to  the  ceramic  insulator  and  to 
the  stainless-steel  flange.  The  assembly  was  pressed  together  and 
allowed  to  cure.  This  attempt  failed  because  the  epoxy  cracked. 

The  assembly  was  heated  to  500°F  to  break  down  the  remaining 
epoxy.  At  this  point  both  seals  failed.  The  flanges  and  the  ceramic 
seal  were  cleaned  and  prepared  for  another  attempt. 

It  was  decided  that  bolting  the  assembly  to  the  machine  after  the 
epoxy  had  cured  strained  the  epoxy  excessively.  In  this  second 
attempt,  the  flanges  were  bolted,  with  gold  wire  seals  in  place,  to  the 
einzel  lens  and  to  the  source  chamber  prior  to  the  application  of  the 
epoxy.  A  special  jig  was  designed  and  fabricated  to  hold  this  assembly 
while  the  repair  was  effected.  Structural  epoxy  was  used  in  lieu  of  the 
low-vapor-pressure  type.  The  source  chamber  was  placed  in  the  jig  with 
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the  filament  (cathode)  flange  down.  Epoxy  was  applied  to  the  flange  on 
the  source  chamber  (the  groove  outside  the  kovar  ring  was  filled)  and 
to  the,  ceramic  insulator  (which  had  previously  been  roughed  up  with 
coarse  sandpaper).  The  ceramic.  Insulator  was  placed  upon  the  flange 
and  weighted  to  hold  it  securely  in  place.  The  epoxy  was  allowed  to  , 
C"re  f<r?:.more  than  twenty- foUT  hours.  When  this  epoxy  had  cured, 


epoxy  was  applied  to  the  other  side  of  the  ceramic  insui^tor-and  to 
the  flange  on  the  einzel. lens.  The  einzel  lens  and  flange  were  placed 
upon  the  insulator,  and  the  epoxy  was  allowed  to  cure  for  more  than 
twenty-four  hours*.  '  ~:: 

When  the  epoxy  was  thoroughly  cured,  the  unit  containing  the 
source  chamber,  arc -focus^ assembly,  and  einzel  lens  was  ready  for 
installation  on  the  ion  Beam  machine.  Since  these  components  were 
assembled  as  a  unit,  no  excessive  strain  was  applied  to  the  arc-focus 
assembly  during  its  installation. 
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